Abstract-Whether contrast adaptation may enhance contrast discrimination is a question that has remained largely unresolved because of con icting empirical evidence. Greenlee and Heitger (1988), for example, reported that contrast discrimination may be enhanced after contrast adaptation, while Maattanen and Koenderink (1991) did not. This paper aimed to account for the different conclusions reached by these independent researchers by manipulations of key differences that exist between the two studies. It is shown that contrast discrimination may be enhanced after adaptation, but that these effects can vary markedly across subjects and test conditions. Enhancements in contrast discrimination are reported to be signi cant when adapting and testing at low levels of contrast, but just signi cant at higher levels of contrast. For high contrast signals, enhancements are shown to be independent of temporal frequency but dependent upon viewing conditions. Under binocular viewing conditions, enhancements in contrast discrimination thresholds are shown to be signi cantly higher than under monocular viewing conditions. It is suggested that the different conclusions reached by Greenlee and Heitger and by Maattanen and Koenderink may be explained by their respective differences in viewing conditions. The former study used binocular, while the latter study used monocular viewing with an occluding eyepatch.
INTRODUCTION
Visual systems both light and dark adapt. The luminance adaptation is believed to be retinal in origin. Models of light/ dark adaptation have exploited ideas of automatic gain control whose purpose it is to maintain the average power of the retinal signal's response roughly constant despite uctuations in the mean luminance of the visual world. Adaptive models of this form are consistent with the observation that the reduction in the absolute magnitude of a neuron's response after stimulation may nevertheless enhance differential sensitivity (Aguilar and Stiles, 1954; Rushton, 1965) .
It has been posited that one's perception of contrast is also subject to adaptive processes of a similar type to that proposed for light/ dark adaptation. Recent models of contrast coding that have the capability to incorporate these ideas have been proposed by Heeger (1992) and by Wilson and Humanski (1993) . The direct prediction that follows from these models is that contrast discrimination may be enhanced by contrast adaptation. Indirect evidence for this possibility was rst reported by Blakemore et al. (1971) . Following adaptation to a high contrast sinusoidal grating, Blakemore et al. (1971) found that the slope of the contrast matching function: de ned by the relationship between actual image contrast and perceived image contrast when plotted on log-log axes, was greater than unity. This nding is consistent with the idea that contrast adaptation leads to an ampli cation of contrast signals. The ampli cation of contrast signals predicts that contrast discrimination may be enhanced by contrast adaptation.
Electrophysiological studies provide further support for the idea that adaptation enhances discrimination. Recordings from the visual cortex of the cat (Ohzawa et al., 1985) and the monkey (Albrecht and Hamilton, 1983; Sclar et al., 1989 Sclar et al., , 1990 Carandini and Ferster, 1997) have shown that a neuron's contrast transfer function may shift towards the mean contrast of an adapting signal. Visual evoked potential recordings using human subjects also suggest that contrast adaptation may similarly shift the contrast response of visual processes towards the contrast level of the adapting signal (Bobak et al., 1988; Ross and Speed, 1991; Nelson et al., 1994) . Psychophysical evidence for adaptive enhancements in contrast discrimination has followed from Greenlee and Heitger (1988) (see also Wilson and Humanski, 1993) . They measured the effects of contrast adaptation on contrast discrimination thresholds. When adapting to a high contrast image signal, Greenlee and Heitger reported that contrast discrimination was impaired when testing with low contrast image signals but was enhanced for high contrast image signals. Blakemore et al. (1973) posited that adaptation may lead to neural fatigue. The fatigue model may explain elevations in threshold contrast and reductions in perceived contrast following adaptation. The idea has received widespread attention presumably because several researchers have failed to support in a unanimous way the predictions made by Blakemore et al. (1971) , namely, that the ampli cation of contrast signals leads to enhancements in contrast discrimination. Contrary evidence has rather been reported (Barlow et al., 1976; Legge, 1981; Maattanen and Koenderink, 1991) . To summarize these alternative opinions, Legge (1981) reported that contrast discrimination was not impaired, while Maattanen and Koenderink (1991) concluded that contrast discrimination was neither improved after adaptation.
Whether contrast discrimination is enhanced after adaptation is, therefore, a controversial issue because psychophysical research has produced con icting evidence. The purpose of this paper is to clarify the experimental conditions under which the enhancement effect of adaptation can be found. To do this, a number of differences between the studies of Greenlee and Heitger (1988) and of Maattanen and Koen-
